The present study
(Received November 20, 1995 and in revised form February 20, 1996) Abstract:
The menstrual disorders in women have been seen4>. Some attention has been given to the risk of developing neoplastic disease5~. But few are the studies screening the biochemical and hematological changes due to occupational exposure to such drugs. This is what the present study tries to elucidate.
MATERIALS AND METHODS
This work was performed in one of the companies producing contraceptive drugs in Cairo, Egypt. The factory comprised a "pills production section" with etbinyl estradiol and levononorgestrel as active ingredients; and an "ampoule production section" with medroxyprogesterone as active ingredient. In the latter section, exposure was said to be more intense5~. However, no data are available concerning the concentrations of these compounds in the air of work place. The manufacturing steps were the same in both sections and included dry blending, wet granulation with organic solvents, drying, sieving and final dry blending. Therefore, the routes of exposure are both by skin absorption and inhalation. Male workers (n = 18) were randomly selected from the pills production section. Only post menopausal females who stopped using contraceptives for at least 2 years were included in the study to minimize the effect of the non occupational exposure. They were chosen from the pills production section (n = 22) and from the ampoules production section (n = 34). A matched control group has been selected from the administrative departments of the same factory. It included 19 males and 27 females.
A 10 ml fasting blood sample was obtained from each examined subject the last working day at the end of the subject's shift. Blood samples of subjects and matched controls were collected at the same time of the day. A part of the blood was taken on EDTA for the hematological investigations. The rest was left to clot, centrifuged and serum separated for the biochemical analyses.
The hematological investigations included a complete blood picture: erythrocytes count (RBCs), total leucocytic count (WBCs), differential count, hematocrit value, clotting and bleeding times. These were done according to standard methods6~. Commercial kits were used for the determination of hemoglobin levels and prothrombin time (Biomerieux kits).
The biochemical analysis included • The levels of sex hormones: estrogen , progesterone and testosterone and the levels of gonadotropins: follicle stimulating hormone (FSH), luteinizing hormone (LH) and luteotropic hormone or prolactin (LTH). All hormones were assessed by quantitative-enzyme-immunoassay kits.
• Fasting blood sugar (FBS) , transaminases (ALT and AST) serum creatinine, total cholesterol, triglyceride, high and low density lipoproteins cholesterol (HDLCh and LDLCh). Commercial kits were also used for these determinations.
• Trace element analysis including the levels of calcium , manganese, iron, copper zinc and magnesium.
Atomic absorption spectrophotometry (Shimadzu AA-680) was used for that purpose'. In the statistical analysis, comparison was done between exposed and non exposed groups. Student's t-test was used and significance was checked at either 0.05 or 0.01 level.
RESULTS
The mean levels of age and duration of exposure among workers exposed to contraceptive drugs and their controls are presented in Table 1 . The mean age of female workers and consequently their duration of exposure were found to be higher than that of males due to the fact that they were all chosen post menopausal.
But females manufacturing either pills or ampoules were very close in their age and duration of exposure.
Also the mean age of both exposed males and females was close to their controls.
The mean levels of sex hormones and gonadotropins in blood of workers exposed to contraceptive drugs and their controls are shown in Table 2 . For the sex hormones, the mean levels of testrogen were found to be increased significantly (p < 0.05, 0.01) among exposed workers of both sexes. The mean levels of testosterone were significantly lower (p < 0.01) than that of controls only among male workers. No statistically significant changes has been detected in the mean levels of progesterone between exposed workers and control subjects.
Concerning the gonadotropins: FSH, LH and LTH, none of them showed any significant deviation from controls neither among males nor among females exposed to contraceptive drugs. Table 1 . Mean levels of age and duration of exposure among workers exposed to contraceptive drugs and their controls. Table 3 presents the mean levels of some hematological findings among workers exposed to contraceptive drugs and their controls. Compared to controls the mean levels of hemoglobin among male workers and female workers manufacturing ampoules were significantly higher (p <0.05, 0.01), but that of hematocrit was higher (p < 0.01) only among females manufacturing ampoules. The mean levels of eosinophils were found to increase significantly (p < 0.05, 0.01) among female workers of both groups. For the rest of the hematological findings, no statistically significant difference could be detected between exposed workers and control subjects.
The mean levels of prothrombin , bleeding and clotting times among workers exposed to contraceptive drugs and their controls are presented in Table 4 . The mean levels of both prothrombin and bleeding times were found to be significantly higher (p < 0.05, 0.01) among exposed workers either males or females when compared to the control subjects. The mean levels of clotting time did not change significantly among exposed workers. Table 5 shows the mean levels of FBS, ALT and AST activity and serum creatinine among workers exposed to contraceptive drugs and their controls. The mean levels of ALT activity increased significantly (p < 0.01) among female workers while that of AST increased significantly (p < 0.01) among male workers. Fe- male workers manufacturing ampoules had statistically significant higher levels (p < 0.01) of serum creatinine when compared to their controls. The mean levels of FBS did not differ significantly between exposed workers and control subjects.
The mean levels of some blood lipids among workers exposed to contraceptive drugs and their controls are tabulated in Table 6 . Comparison between exposed workers and control subjects revealed significant lower levels (p < 0.01) of cholesterol and higher levels of HDLCh (p < 0.01) among male workers and lower levels (p < 0.01) of triglyceiides among female workers manufacturing ampoules. Concerning LDLCh, significant lower levels (p < 0.01) were found among all groups of exposed workers. Table 7 compares the mean levels of some trace elements in sera of workers exposed to contraceptive drugs and their controls. Statistically significant higher levels (p < 0.05, 0.01) of calcium and manganese were found among all workers exposed to contraceptive drugs. Higher mean levels of copper and zinc (p < 0.05) were found among male workers and zinc only (p < 0.05) among female workers manufacturing ampoules. No statistically significant changes have been observed among exposed workers in the mean levels of neither iron nor magnesium. Table 6 . Mean levels of some blood lipids among workers exposed to contraceptive drugs and their controls.
DISCUSSION
In Egypt around 50% of women ever used pills for contraception8~. This wide use is accompanied by an important production.
Though these products meet high standards, the question remains whether the safety of the production workers is sufficiently guaranteed
To minimize the effect of sex hormones intake for contraception, only post menopausal females were included. Therefore, female workers were older and had longer duration of exposure than males as shown in Table 1 . Their mean age of menopause (46.23 ± 2.98 years) is not significantly different from the national one (47.89 ± 3.77)9). Since the comparison between males and females is out of the scope of the present study, it seemed not necessary to include younger males.
Also, comparison between females manufacturing pills and those manufacturing ampoules is not reasonable since the latter group is more heavily exposed5>. However, some effects especially the levels of estrogen in blood and the liver function tests were found to be similar between the three groups of exposed workers. This makes the importance of the duration and intensity of exposure to contraceptive drugs when assessing their health effects questionable. Concerning the selection of indices of exposure to contraceptive drugs, a simplified descriptive model10~ explains the choice of test components. The main organ in this model is the pituitary gland, whence are released various gonadotropins: LTH, FSH and LH. The peripheral organs are liver, testicles and ovaries. Accordingly, the plasma levels of sex hormones is the result of the activity of the endocrine nuclei of the hypothalamus that secretes gonadotropin releasing hormone and the liver and other tissues involved in sex hormones metabolism. The sex hormones that have been affected by exposure to contraceptive drugs in the present study were estrogen and testosterone. Increased levels of estrogen in blood of male workers have been observed. Similar findings have been reported in literature" 5' 1-13)Total testosterone is known as an indicator of the functioning of testicles, but it can be converted to estrogen in tissues other than endocrine glands after exposure to estrogens10~. This might explain at least partially the increased levels of estrogen especially among males. Concerning the gonadotropins, several studies reported increased levels of LTH14~ and lower levels of both LH and FSH13-15~ among workers exposed to oral contraceptives. These parameters have not been affected in the present work, suggesting that tissues other than pituitary gland might be responsible for the observed hyperesterogenism. On the other hand, the present study proved that exposure to contraceptive drugs affected the liver functions of the exposed workers as they showed higher levels of ALT and AST, prolonged prothrombin time and increased concentrations of serum calcium and manganese. These parameters have always been of great importance for liver integrity evaluation"_19~ Therefore it seems that the increased levels of blood estrogen resulted from the alteration in liver functions and not pituitary functions caused by exposure to contraceptive drugs. An explanation might be that some individuals are more sensitive to liver response to estrogens and/or for some estrogens liver may be the main target, in addition to the fact that the liver is a major organ for steroid metabolism and their substantial effects on hepatic metabolic pathways is to be expected20~.
Among other effects of contraceptive drugs exposure; the present study revealed some increase in the levels of hemoglobin, eosinophils, bleeding time, serum creatinine and fasting blood sugar. This increase usually reached the level of statistical significance. Some of these results are in agreement, other are contradicted by those found in literature. Acceleration of blood clotting tests21~, elevated22~ and decreased23~ blood glucose levels after administration of oral contraception have been reported.
Concerning lipid metabolism, a less atherogenic lipid profile has been found among exposed workers. This included a lower deleterius LDLCh fraction and a higher cardioprotective HDLCh one. Again these findings are to be expected since contraceptives are used successfully to reverse the negative trends of lipid profile attributed to the decline in ovarian estrogen production as a consequence of menopause24-26). Although these changes can be considered advantageous from Even the need for a closed system of the entire production process of contraceptive drugs can be suggested.
